Background: Heterotopic ossification (HO) occurs frequently in the elbow in burn patients, and extends beyond the anatomical structure. HO of the elbow can cause joint contracture and adversely affect activities of daily living.
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Background: Heterotopic ossification (HO) occurs frequently in the elbow in burn patients, and extends beyond the anatomical structure. HO of the elbow can cause joint contracture and adversely affect activities of daily living.
Currently, there is no effective prophylaxis for HO as the precise underlying mechanism remains unknown. Therefore, there is no choice but to treat HO after it has developed. To date, however, no effective standard treatment has been reported, and therefore treatment methods vary between different facilities. Surgical resection is widely accepted as the only therapeutic option once HO limits functional mobility of the elbow. Purposes: Based on past reports, we examined our cases and recommend effective therapeutic strategies. We posed the following three questions: (1) Is the surgical intervention effective or detrimental for elbow ankylosis due to HO? (2) What is the best timing for the intervention? (3) What is the most effective postoperative rehabilitation plan? Methods: We treated three patients with complete ankylosis of the elbow due to HO after severe burn injury using different protocols.
Results: Surgery was performed in two cases and rehabilitation therapy was commenced immediately from the first postoperative day. Both patients showed improvement in the active range of motion in their elbow joints. The other patient did not undergo surgery, and his elbows became fixed in the completely extension position. Conclusion: Surgical resection is beneficial for elbow ankylosis due to HO after burn injury. Although the exact surgical timing is still controversial, we recommend that surgery should be performed as soon as possible after improving the skin condition around the elbow and confirming the maturation of HO on radiographs. Early rehabilitation and pain control are also important after surgery. 
Introduction
Heterotopic ossification (HO) occurs frequently in the elbow after burn injury, 1,2 and can cause elbow ankylosis. Surgical resection was suggested to be the only therapeutic option for this condition. 3, 5 Based on past reports, we examined our cases and recommend an effective therapeutic protocol for this condition.
Case series
Three patients with burn injuries received surgical debridement and skin grafting several times, including both elbows. Nonsteroidal antiinflammatory agents had been administered orally from the beginning of the hospitalization period. Radiation therapy was not used.
In cases 1 and 2, surgical resection of HO was performed after closure of skin ulcers around the elbow. There were no postoperative complications, and rehabilitation treatments were commenced on the first postoperative day. The patients received passive assisted range of motion exercises, followed by gradual adoption of active exercise.
Case 1
A 20-year-old woman sustained 43% total body surface area (%TBSA) full-thickness flame burn mainly to her face and upper extremities. At 9 weeks post-burn, her elbows were ankylosed in −40 °e xtension position with pain, ( Figure 1 a) and HO was seen on the extensor side of both elbows on X-rays. ( Figures 2 a, 3 
a)
Surgery was performed on the left side at 14 weeks post-burn without confirming the maturation of HO on X-rays. The HO was seen to be sparse and soft during the operation. Therefore, it was easy to determine the margins and remove from the normal host bone. The articular capsule was normal.
Surgery was performed on the right side at 23 weeks post-burn after confirming the maturation of HO on X-rays. The HO was hard and similar to the native bone, which made it difficult to determine the margins and expose the ulnar nerve. In addition, HO was seen around the articular capsule, and initial capsulotomy was needed. ( Figure 4 )
During the immediate postoperative period, her upper extremities were anesthetized with axial nerve block to relieve pain.
Six months postoperatively, the active arc of motion had improved from 0 °to 90 °(extension −30 °, flexion 120 °) on the right side and from 0 °to 35 °(extension −80 °, flexion 115 °) on the left side. ( Figures 1 b, 1c ) 
Case 2
A 20-year-old woman presented with deep dermal and full-thickness burns (50%TBSA). Eight weeks post-burn, the right elbow was ankylosed in 90 °flexion position with pain, and HO was seen on the flexor side of the elbow on X-rays. Surgery was performed at 28 weeks post-burn after confirming the maturation of HO on X-rays. The medial collateral ligament was ossified and the ulnar nerve was embedded in the HO.
Rehabilitation was performed using a continuous passive motion machine. Eighteen months postoperatively, the active arc of motion had improved from 0 °to 50 °(extension −70 °, flexion 120 °).
Case 3
A 40-year-old man sustained 40%TBSA full-thickness flame burn injury. Eight weeks post-burn, his elbows were ankylosed in −30 °extension position with pain, and HO was seen on the extensor side of the elbow on X-rays.
He was planned to receive surgery after improving general condition and confirming the maturation of HO on radiographs. However, muscle atrophy and joint contracture had progressed beyond our expectation in one year. He was not operated because postoperative improvement of range of motion (ROM) could not be expected. Thereafter, not only his elbows but also his shoulders and knees were ankylosed because of the HO, and he required assistance in daily activities.
Discussion

Clinical features
HO develops clinically and radiologically after median periods of 37 days and 49 days, 2 and its formation is promoted by inflammation. 4 The clinical symptoms and signs of elbow HO include decreased ROM, joint pain, localized swelling, and ulnar nerve palsy with intrinsic muscle weakness. 6 Findings of well-defined HO with no increase in dimensions on X-ray suggest its maturation. 7 In addition, since High-frequency spectral ultrasound can visualize HO one week post-burn, 8 ultrasound is useful for early diagnosis.
The risk factors for development of HO are greater %TBSA and joint burns, especially requiring skin grafting. 2 All our cases required skin grafting on both elbows with over 40%TBSA and could be classified as high-risk group.
Usefulness of surgery
The major structures that cause joint contracture in burn patients are skin, muscle, and the joint capsule. 10 HO bridging a joint on radiographs may actually preserve the articular cartilage. 7 Therefore, the ROM of the elbow will be improved once the heterotopic bone and contracted elbow capsule are resected. 11 Based on our case 3, with completely ankylosed elbows after conservative care, surgical treatment is desirable when HO limits functional mobility of the elbow.
Timing of surgery
We consider that muscle atrophy and joint contracture due to a delay in surgery are more problematic than the risks of increased postoperative recurrence rate due to early surgical intervention. Even if HO recurs postoperatively, re-operations can obtain acceptable results. 6, 9 Tsionos et al. 9 reported that about 71% (25/35 elbows) of cases recurred on early postoperative radiography (median delay, 9.5 months). However, functional impairment appeared in four cases (11.4%, 4/35 elbows), and these were defined as "true recurrence". Other authors reported rates of 30% (3/10 elbows, median delay of 4 months) 1 and 5.4% (8/148 patients, average delay of 13 months, range, 8 -17 months). 11 From the above reports, although there may have been differences in postoperative treatment, it seems that shorter time between burn injury and operation was associated with a higher "true recurrence" rate. This is because HO may be newly generated postoperatively if resection is performed too early, as ectopic bone is still being formed with the remaining inflammation.
In case 1, the left elbow was treated surgically without preoperative confirmation of HO maturation on X-rays ( Figure 2 ). Although the HO was found to have recurred on early postoperative radiographs, it resolved spontaneously over time without any clinical symptoms. Tsionos et al. 9 also reported this phenomenon in about 5.7% of cases (2/35 elbows).
The right elbow in cases 1 and 2, treated surgically after confirming the maturation of HO on Xrays preoperatively, did not recur either radiographically or clinically ( Figure 3 ). This was probably because once the inflammation of the burned site had decreased, HO formation was stopped and stabilized. In addition, mobile skin over the elbow can prevent postoperative wound complications. 5 Considering the postoperative improvement of ROM in cases 1 and 2, however, the exact surgical timing is still controversial.
Consequently, we recommend earlier surgical intervention after improving the skin condition around the elbow and confirming the maturation of HO on radiographs.
Rehabilitation
Some authors reported commencing rehabilitation of patients on the first postoperative day and obtained good results. 1, 5 We followed this protocol for several reasons: (1) to decrease risk of HO development in burn patients because the period of inactivity is the main risk factor 2 ; (2) to minimize the progression of postoperative muscle atrophy and joint contracture; and (3) to allow the patient to recognize improvement of the elbow joint ROM during the early postoperative period and encourage them to participate in treatment.
"Pain control" is very important in rehabilitation, and we provided good pain control using axially nerve block and rehabilitation equipment. To maintain the passive assisted ROM of the elbow a little beyond the range of maximum articulation that can be flexed and extended, active exercise was adopted gradually while observing progress.
Cooperation between the elbow joint and other joints is also important for performing activities of daily living.
Conclusions
Although the exact surgical timing is still controversial, we recommend that elbow ankylosis due to HO after burn injury should be treated surgically as soon as possible after improving the skin condition around the elbow and confirming the maturation of HO on radiographs. In addition, early rehabilitation and pain control are important after surgery.
